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Abstract
Background: The Agency for Healthcare Research and Quality (AHRQ) Patient Safety Indicators
(PSIs) provide information on hospital risk-adjusted rates for potentially preventable adverse
events. Although designed to work with routine administrative data, it is unknown whether the PSIs
can accurately distinguish between complications and pre-existing conditions. The objective of this
study is to examine whether the AHRQ PSIs accurately measure hospital complication rates, using
the data with present-on-admission (POA) codes to distinguish between complications and pre-
existing conditions
Methods: Retrospective cohort study of patients undergoing isolated CABG surgery in California
conducted using the 1998–2000 California State Inpatient Database. We calculated the positive
predictive value of selected AHRQ PSIs using information from the POA as the gold standard, and
the intra-class correlation coefficient to assess the level of agreement between the hospital risk-
adjusted PSI rates with and without the information contained in the POA modifier.
Results: The false positive error rate, defined as one minus the positive predictive value, was
greater than or equal to 20% for four of the eight PSIs examined: decubitus ulcer, failure-to-rescue,
postoperative physiologic and metabolic derangement, and postoperative pulmonary embolism or
deep venous thrombosis. Pairwise comparison of the hospital risk-adjusted PSI rates, with and
without POA information, demonstrated almost perfect agreement for five of the eight PSI's. For
decubitus ulcer, failure-to-rescue, and postoperative pulmonary embolism or DVT, the intraclass-
correlation coefficient ranged between 0.63 to 0.79.
Conclusion: For some of the AHRQ Patient Safety Indicators, there are significant differences in
the risk-adjusted rates of adverse events depending on whether the POA indicator is used to
distinguish between pre-existing conditions and complications. The use of the POA indicator will
increase the accuracy of the AHRQ PSIs as measures of adverse outcomes.
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Background
The Institute of Medicine (IOM) report To Err is Human
[1] has fundamentally changed the landscape of American
medicine by challenging us to examine and improve the
safety and quality of the health care system in this country
[2]. Seven years after the release of this seminal report,
"the quality chasm in health care remains wide [3]." A
recent study from RAND documented that adults in the
United States receive only 55% of recommended care [4].
In its blueprint for "Crossing the Quality Chasm", the
IOM recommended the development of performance and
outcome measurements [5]. In response, the Agency for
Healthcare Research and Quality (AHRQ) has constructed
Patient Safety Indicators (PSI) [6] to serve as the "state-of-
the art in measuring the safety of hospital care through the
analysis of inpatient discharge data [6]."
The AHRQ PSIs provide information on risk-adjusted
rates for potentially preventable adverse events such as
decubitus ulcers, postoperative hemorrhage, and postop-
erative sepsis. In theory, a hospital can benchmark its per-
formance using these safety indicators and target specific
areas of poor performance for improvement. This 'global'
approach to quality improvement is more likely to be
effective than the traditional approach of narrowly focus-
ing on the unsafe actions of a few physicians [7]. Tradi-
tional quality assurance (QA) efforts, which are triggered
by individual case reviews, may divert limited hospital
resources to clinical areas where overall hospital perform-
ance is not problematic, while ignoring system-level prob-
lems. Using PSIs to guide QI efforts may force hospitals to
focus their efforts on the development of systems which
will reduce the incidence and mitigate the impact of dan-
gerous medical errors [7].
The Patient Safety Indicators were designed to be used
with administrative data and are currently being used by
public and non-public organizations to assess hospital
quality of care [8]. Basing the PSIs on administrative data
makes it possible for virtually any hospital to examine its
safety performance. Hospitals can download the PSI soft-
ware from the AHRQ web site and use their own adminis-
trative data to construct risk-adjusted PSI rates and
compare themselves to a national benchmark. Because
these indicators are based on administrative data, there is
no added data collection burden. However, administra-
tive data have well recognized limitations, including the
lack of precise definitions and coding differences across
hospital [9]. Several investigators have questioned the
accuracy of using administrative data to identify compli-
cations [10,11], while others have concluded they may be
useful for identifying surgical complications [12].
One of the primary problems with using administrative
data to identify adverse events is the failure of most ICD-
9-CM codes to distinguish between pre-existing condi-
tions and complications that occur after hospital admis-
sion. Counting pre-existing conditions as adverse events
may falsely elevate adverse event rates and bias these
safety indicators against hospitals which care for sicker
patients. In designing the PSIs, AHRQ researchers
attempted to exclude ICD-9-CM codes that could repre-
sent either a pre-existing condition or a complication [13].
In theory, the use of a present-on-admission (POA) mod-
ifier would have made it possible to avoid mis-classifying
pre-existing conditions as adverse events. Several states
(California, New York State, Florida, and Wisconsin)
require hospitals to include a POA modifier in their
administrative data. However, AHRQ researchers were ini-
tially constrained to develop a set of indicators which
could be used by hospitals in all States, and thus were not
able to incorporate the POA indicator in the PSI algo-
rithms [6]. The latest version (2007) of the AHRQ PSIs
incorporates the POA indicator and gives users the
options of using this information to calculate the AHRQ
PSIs [14].
Using the POA modifier to differentiate pre-existing con-
ditions from complications, we will examine the accuracy
of the AHRQ PSIs using discharge abstracts for patients
undergoing coronary artery bypass graft (CABG) surgery
in the California State Inpatient Database. Previous stud-
ies have shown that the AHRQ PSIs over-estimate the
number of patient safety events when pre-existing condi-
tions are incorrectly counted as complications [15,16].
One of these studies, by Houchens and colleagues [16],
specifically examined the impact of counting pre-existing
conditions as complications on hospital PSI rates based
on all patient admissions. However, both studies are
based on a broad range of patient diagnoses and proce-
dures. Although it is likely that there is some overlap in
the care processes that prevent certain complications
across different surgical procedures and medical condi-
tions, it is also likely that specific best practices for pre-
venting complications may be unique to different patient
populations. For example, it is unlikely that one hospital-
wide approach to preventing postoperative hemorrhage
will be equally effective in patients undergoing hysterec-
tomy compared to CABG patients, because the causes of
postoperative hemorrhage in these two groups are so dif-
ferent. Just as procedure-specific mortality rates (e.g.
CABG) are more informative, and possibly more useful,
than overall hospital mortality rates, we believe that diag-
nosis-specific PSI rates may prove more useful that hospi-
tal-wide PSI rates.
We have previously shown that the addition of date stamp
information to administrative data has a substantial
impact on the ranking of hospital quality based on risk-
adjusted mortality rates [17,18]. In the current study, ourBMC Health Services Research 2008, 8:176 http://www.biomedcentral.com/1472-6963/8/176
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goal is to examine whether the AHRQ PSIs accurately
measure the rates of adverse events, using the data with
the POA modifier as the gold standard for comparison.
Under the Deficit Reduction Act of 2005, the Centers for
Medicare and Medicaid Services will require hospitals to
add POA indicators to Medicare claims starting in 2007
[19]. The results from this study will help to inform pol-
icy-makers as to the value of requiring the inclusion of the
POA modifier in non-Medicare claims as well.
Methods
Data
This analysis of patients undergoing isolated CABG sur-
gery was conducted using the 1998–2000 California State
Inpatient Database, which contains 100 percent of the
state's inpatient discharge records. The data were obtained
from the Healthcare Cost and Utilization Project (HCUP).
Each patient record has ICD-9-CM coding slots for up to
30 diagnoses. Except for E-codes, each ICD-9-CM code is
modified by a POA code that specifies whether a diagnosis
was present at the time of hospital admission. Although
not fully validated, previous work suggests that the POA
field has clinical validity [17,19-23].
The CABG study population was identified using ICD-9-
CM codes 36.10 – 36.19 and 36.2. We excluded 557
patients with missing hospital identifiers, age less than 18
years, missing gender, or missing discharge status. In
order to eliminate hospitals which may be coding the
POA modifier inaccurately, we excluded 13 hospitals (n =
2593 patient discharges) that coded POA = yes or POA =
no for every record, hospitals for which greater than 10%
of the POA codes were missing, and hospitals whose per-
cent of ICD-9-CM codes coded as present-on-admission
was outside of the 95% confidence interval for the CABG
patients in this data set (0.67, 0.91). The final patient pop-
ulation consisted of 82,063 patients from 111 hospitals.
Identification of adverse events
The AHRQ Patient Safety Indicator (PSI) software [6] was
used to calculate event rates for adverse events. These indi-
cators were developed by the AHRQ Evidence-Based Prac-
tice Center at the University of California and Stanford
[6]. The selection and grouping of ICD-9-CM codes into
PSIs was based on the Complications Screening Program
[24], developed by Iezzonni, and a comprehensive review
of existing ICD-9-CM codes [6]. The validity of these indi-
cators was evaluated using the RAND/UCLA Appropriate-
ness method [25] and empirical analyses to assess the
frequency, variance, and bias of these indicators [6]. Risk
adjustment is performed by the PSI software using logistic
regression models which are based on the 29 states in the
2000 HCUP State Inpatient Databases. These models
adjust for differences in casemix as defined by age, sex,
modified DRGs, and the AHRQ Elixhauser comorbidity
diagnostic categories [26,27].
We selected eight PSIs which had relatively high event
rates and were clinically relevant for patients undergoing
CABG surgery:
Decubitus Ulcer
Patient records with secondary diagnosis of decubitus
ulcer and length-of-stay greater than 4 days. Patient exclu-
sions include any diagnosis of hemiplegia, paraplegia, or
quadriplegia; and patients admitted from a long-term
facility or transferred from an acute care facility [6].
Failure-to-Rescue
Patient records in which the discharge disposition is death
and which indicate a potential complication of care dur-
ing the hospitalization (i.e., pneumonia, DVT/PE, sepsis,
acute renal failure, shock/cardiac arrest, or GI hemor-
rhage). Patient exclusions include age greater than 75
years; and patients admitted from a long-term facility or
transferred from an acute care facility [6].
Infection due to Medical Care
Patient records with secondary diagnosis of infectious
complication of medical care; or infection due to other
vascular device, implant or graft. Patient exclusions
include length-of-stay less than 2 days, any diagnosis code
for immunocompromised state or cancer, or cancer DRG
[6].
Postoperative Hemorrhage or Hematoma
Records of patients with secondary diagnosis of postoper-
ative hemorrhage or hematoma who required postopera-
tive control of bleeding or a drainage procedure. Cases
were excluded if a procedure for postoperative control of
bleeding or a drainage procedure was the only procedure
in the record, or occurred prior to the operative procedure
[6].
Postoperative Physiologic and Metabolic Derangement
Patient records with secondary diagnosis of physiologic
and metabolic derangements. Cases were excluded it the
records included ICD-9-CM codes for chronic renal fail-
ure; acute renal failure where dialysis occurs prior to or on
the same day as the operative procedure; or a primary
diagnosis of diabetes and a secondary diagnosis code for
ketoacidosis, hyperosmolarity, or coma [6].
Postoperative Pulmonary Embolism (PE) or Deep Venous Thrombosis 
(DVT)
Patient records with secondary diagnosis of DVT or PE.
Cases were excluded if a procedure for interrupting the
vena cava is (1) the only operative procedure or (2) occurs
before or on the same day as the operative procedure [6].BMC Health Services Research 2008, 8:176 http://www.biomedcentral.com/1472-6963/8/176
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Postoperative Sepsis
Patient records with secondary diagnosis of sepsis. Cases
were excluded if the principal diagnosis was infection, if
any of the diagnoses included immunocompromised
state or cancer, or if the length-of-stay was less than 4 days
[6].
Accidental Puncture of Laceration
Patient records with secondary diagnosis of accidental cut,
puncture, perforation, or laceration [6].
Impact of POA indicator
In order to analyze the impact of the POA indicator on the
PSIs, we modified the AHRQ PSI algorithm to make use of
the information from the POA indicator to exclude ICD9
codes that were present-on-admission and thus could not
be complications. With the exception of the Failure-to-
Rescue PSI, only the numerator for the PSIs was modified.
For failure-to-rescue, only the denominator was modified
since the numerator equals the number of deaths, whereas
the denominator represents complications (only cases
where the POA indicator indicated that the condition was
not present on admission were included in the denomina-
tor for the modified PSIs). We also modified the AHRQ
Elixhauser comorbidity algorithm by only including sec-
ondary diagnoses present-on-admission for risk adjust-
ment. We then compared the PSI obtained using the
"modified" PSI algorithms versus the "standard" PSI algo-
rithm which ignored information contained in the POA
modifier. This analysis was performed first at the level of
individual patients, and then at the hospital-level. For the
hospital level analysis, we calculated the intra-class corre-
lation coefficient to assess the level of agreement between
the point estimates of the risk-adjusted PSI rates obtained
with and without the information contained in the POA
indicator [28].
The AHRQ PSI algorithms were run using SAS version 8.2
(SAS Corp., Cary, NC). This study was exempted from
review by the University Of Rochester School Of Medicine
Research Subjects Review Board.
Results
Overall, the false positive error rate for the PSIs, defined as
one minus the positive predictive value, ranged between
7% for "infection due to medical care" to 41% for "decu-
bitus ulcer" (Table 1). The false positive error rate was
greater than or equal to 20% for four of the eight PSIs:
decubitus ulcer, failure-to-rescue, postoperative physio-
logic and metabolic derangement, and postoperative pul-
monary embolism or DVT. The observed rates per 1000
discharges at risk differed significantly (P-value ≤ 0.05) for
six of the eight PSIs, and was marginally significant for
one of the eight (P-value = 0.06).
The comparisons of the hospital risk-adjusted PSI rates
obtained using the standard algorithm (does not use the
POA field to distinguish pre-existing conditions from
complications) and the modified algorithm (uses the POA
field to distinguish between pre-existing conditions and
complications) is shown in Figure 1. Pairwise comparison
of these risk-adjusted PSI rates, with and without POA
information, demonstrated almost perfect agreement for
five of the eight PSI's (intraclass correlation coefficient:
0.81–1.00). In the case of "decubitus ulcer", "failure-to-
rescue", and "postoperative pulmonary embolism or
DVT", there was significant deviation of the regression
line (standard versus modified risk-adjusted PSI rate)
from the 45-degree line, and the intraclass-correlation
coefficient ranged between 0.63 to 0.79 (Table 2 and Fig-
ure). With the exception of failure-to-rescue, adding the
POA indicator generally decreases a hospital's PSI rates
because the original PSI algorithm is flagging conditions
as complications that were pre-existing conditions. In the
case of failure-to-rescue (FTR), adding POA information
Table 1: Impact of the POA indicator on observed rates of adverse events.
Patient Safety Indicators No. of Events Risk Pool 1-PPV Observed Rates per 1000 Discharges at Risk
No POA POA No POA POA No POA POA
Decubitus Ulcer 228 135 49,463 49,463 0.41 4.61† 2.73†
Failure to Rescue 403 324 3298 2,095 0.20 122.2† 154.7†
Infection due to Medical Care 374 349 72,954 72,954 0.07 5.13 4.78
Postop Hemorrhage or Hematoma 524 455 82,046 82,046 0.13 6.39† 5.55†
Postop Physiologic & Metabolic Derangement 191 153 35,003 35,003 0.20 5.46† 4.37†
Postop Embolism or DVT 512 343 82,040 82,040 0.33 6.24† 4.18†
Postop Sepsis 247 207 30,054 30,054 0.16 8.22¥ 6.89¥
Accidental Puncture or Laceration 961 848 82,050 82,050 0.12 11.71† 10.34†
† P-value ≤ 0.05
¥ P-value = 0.06
DVT – deep venous thrombosis, POA – present-on-admission indicator; PPV – positive predictive value; obs – observed; postop – postoperativeBMC Health Services Research 2008, 8:176 http://www.biomedcentral.com/1472-6963/8/176
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Comparison of hospital risk-adjusted PSI rates based on the standard PSI algorithm versus modified PSI algorithm Figure 1
Comparison of hospital risk-adjusted PSI rates based on the standard PSI algorithm versus modified PSI algo-
rithm. standard PSI algorithm – does not use information from the POA field to distinguish pre-existing conditions from com-
plications modified PSI algorithm uses information from the POA field to distinguish between pre-existing conditions and 
complications identity line is a 45-degree line which corresponds to perfect agreement for risk-adjusted PSI rates based on the 
'standard' and 'modified' PSI algorithms.BMC Health Services Research 2008, 8:176 http://www.biomedcentral.com/1472-6963/8/176
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lowers the PSI rate because the risk pool for FTR is made
up of patients with complications, and fewer patients are
flagged as having complications using the POA indicator.
Discussion
In this study we find that the present-on-admission (POA)
indicator has a significant impact on some of the AHRQ
Patient Safety Indicators (PSI) rates in patients undergo-
ing CABG surgery. The PSIs are one component of the
quality toolbox developed by AHRQ to facilitate quality
improvement and provide hospitals with the opportunity
to benchmark their performance [29,30].
In practice, quality assurance is usually triggered by case
reviews and focuses on the perceived failures of individual
physicians and providers. Medical errors are attributed to
"aberrant mental processes such as forgetfulness, inatten-
tion, poor motivation, carelessness, negligence, and reck-
lessness [7,31]." Since individual cases selected for
examination are often reviewed in isolation, as opposed
to being reviewed as part of a cohort of similar cases, the
critical role of health care systems in causing medical
errors is frequently ignored. Because PSI rates are, by con-
struction, a measure of global hospital performance, they
shift the focus of error analysis from the individual pro-
vider to the level of the health care system. For example, a
high rate of postoperative sepsis after CABG surgery across
cardiac surgeons is more likely to improve with better
adherence to patient safety practices, such as the use of
maximum sterile barriers during catheter insertion or the
use of antibiotic-impregnated catheters [32], than by the
act of "disciplining" a single physician. Thus, PSIs may
provide the impetus for a hospital's leadership to examine
the "latent conditions" that lead to medical errors – pro-
duction pressure, inadequate staffing, fatigue – and help
set the stage for the adoption of a true "systems approach"
to reducing medical error and improving health care qual-
ity.
The AHRQ PSI rates have the advantage of being based on
administrative data, which are collected by virtually all
hospitals in computerized form, and thus is readily avail-
able at low cost. Furthermore, the availability of the
AHRQ PSI software in the public domain provides all hos-
pitals with the opportunity to benchmark and track their
PSI rates. However, the use of administrative data to mon-
itor complications also has important limitations. In par-
ticular, the under-reporting of complications using ICD-9-
CM codes, in addition to variability in coding practices
across institutions, raises questions regarding the validity
of using ICD-9-CM codes to report complications [33]
and creates concerns that public reporting of PSI rates may
unfairly penalize those hospitals with more accurate
reporting practices. The primary limitation of this study is
the assumption that the POA indicator accurately distin-
guishes complications from pre-existing conditions.
Parker and colleagues [23] recently examined the accuracy
of administrative data from California, using the POA
indicator to exclude complications, with a clinical registry
for CABG patients. Using the clinical data as the gold
standard, the sensitivity of the risk factors in the adminis-
trative data ranged between 22% to 95%, with most above
50%. For most risk factors, specificity exceeded 90%.
AHRQ has recently released a report summarizing the evi-
dence supporting the value and validity of the POA indi-
cator [19].
However, these well recognized limitations of administra-
tive data for error reporting should not prevent individual
hospitals or hospital systems from using non-public
reports based on the AHRQ PSI to facilitate quality
improvement. Despite the inherent limitations of risk-
adjustment for "leveling the playing field" [34,35], public
and non-public reporting of hospital mortality rates have
been associated with significant decreases in mortality for
cardiac [36,37] and non-cardiac surgery [38].
Our findings in this study examine one of the known lim-
itations of administrative data for error reporting, namely,
the inability of administrative data to effectively distin-
guish between pre-existing conditions and complications.
Despite the fact that the AHRQ PSI were designed to
"emphasize specificity over sensitivity", we found signifi-
cant numbers of false positives for some of the PSIs. The
Table 2: Extent of agreement of hospital risk-adjusted PSI rates based on 'standard' versus 'modified' PSI algorithm.
Patient Safety Indicators Intraclass Correlation Coefficient
Decubitus Ulcer 0.666
Failure to Rescue 0.791
Infection due to Medical Care 0.988
Postoperative Hemorrhage or Hematoma 0.935
Postoperative Physiologic & Metabolic Derangement 0.871
Postoperative Embolism or DVT 0.628
Postoperative Sepsis 0.931
Accidental Puncture or Laceration 0.954
DVT – deep venous thrombosisBMC Health Services Research 2008, 8:176 http://www.biomedcentral.com/1472-6963/8/176
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planned expansion of the use of the POA indicator to all
Medicare claims, beginning in 2007, could improve the
validity of the AHRQ PSIs if the AHRQ algorithm were
revised to include the POA indicator. Recent research in
the private sector has led to the development of a system
to identify Potentially Preventable Complications (PPC)
[21]. By incorporating the POA indicator into its algo-
rithms for the PPC groups, it was possible to expand the
number of diagnoses that could be considered complica-
tions without sacrificing specificity. This expansion in
scope of error monitoring, predicated on the use of the
POA indicator to distinguish complications from pre-
existing conditions, may be the "next step" in the evolu-
tion of the AHRQ PSI. This "next-generation" complica-
tion reporting system may provide greater opportunities
for reducing medical errors and improving health care
quality. Our study, by showing significant number of false
positives using the AHRQ PSIs, further reinforces the need
for the widespread adoption of the POA indicator which
will make it possible for revised PSI systems, such as the
PPC system, to be widely adopted.
Two recent studies have investigated the impact of the
POA indicator on patient safety events. The first, by Naes-
sens and colleagues [15], was based on hospital dis-
charges from the Mayo Clinic Rochester hospitals. This
study found that after eliminating secondary diagnoses
that were present on admission, the overall rate of patient
safety events decreased by nearly 50%. The second, by
Houchens and colleagues [16], used data from California
and New York State Inpatient Databases to examine the
impact of the POA indicator. This study found that three
of the 13 PSIs greatly over-estimated the number of
patient safety events when information from the POA
indicator was not used to differentiate pre-existing condi-
tions from complications. For these three PSIs, there were
significant discrepancies between hospital risk-adjusted
PSI rates before and after excluding pre-existing condi-
tions. Our study adds to the existing literature by focusing
on a single medical condition, CABG surgery, as opposed
to basing the analysis on all inpatient admissions. We
believe that PSIs will be useful only insofar as they allow
physicians and hospitals to identify problems and, then to
focus QI efforts for specific hospital departments, as
opposed to solely providing hospitals with a global meas-
ure of patient safety events. In this light, studies evaluating
the validity of the AHRQ PSIs should assess disease-spe-
cific performance, in addition to global performance. In
addition, our previous work has shown that the extent to
which complications are mis-identified as pre-existing
conditions varies substantially across patient populations
(e.g. CABG, abdominal aortic aneurysm repairs, stroke
patients) [22]. Thus, it is likely that the accuracy of PSIs
would also vary across patient groups. The accuracy of the
AHRQ PSI in CABG patients may be of particular interest
to hospitals seeking to improve CABG outcomes that only
have access to administrative data without the POA indi-
cator.
Increasingly, private payers and Medicare are promoting
the use of financial incentives to improve the quality of
care through pay for performance initiatives. Nationally,
over fifty-percent of Health Maintenance Organizations
covering greater than 80% of enrolled patients, have pay-
for-performance programs in place [39]. Under the Deficit
Reduction Act of 2005, the reduction in hospital Medicare
payments to hospitals not reporting quality data will
increase five-fold from 0.4 percent to 2 percent, and infec-
tious complications will no longer entitle hospitals to
higher reimbursement rates [40]. However, the actual
impact of pay-for-performance on quality is largely
unknown [41], although recent work suggests that finan-
cial incentives has a relatively modest effect on adherence
to process measures [42]. Even if financial incentives were
found to significantly improve adherence to process
measures, recent work suggests that adherence to "best
practices" has only a relatively modest impact on risk-
adjusted 30-day mortality rates for patients with acute
myocardial infarctions (0.6%), heart failure (0.1%) and
pneumonia (0.1%) [43]. In light of the weak association
between many processes of care and outcome, direct out-
come measures, such as PSI and related measures of
adverse events, may have an important role in future
efforts to improve health care quality.
Conclusion
For some of the Patient Safety Indicators, there are signif-
icant differences in the rates of adverse events depending
on whether the POA indicator is used to distinguish
between pre-existing conditions and complications. The
use of the POA indicator will increase the accuracy of the
AHRQ PSIs as measures of adverse outcomes, and will
make the future implementation of more comprehensive
measures of complications more feasible.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
LGG conceived and designed the study, performed the sta-
tistical analysis, and drafted the manuscript. YL modified
the computer algorithm used to calculate the AHRQ PSIs
and contributed to the drafting of the manuscript. TMO,
DBM, and AWD participated in the design of the study
and contributed to the drafting and revision of the manu-
script.
Acknowledgements
The authors wish to gratefully acknowledge the support of the Agency for 
Healthcare and Quality (AHRQ R01 HS 13617).BMC Health Services Research 2008, 8:176 http://www.biomedcentral.com/1472-6963/8/176
Page 8 of 8
(page number not for citation purposes)
References
1. To Err is Human: Building a Safer Health System Edited by: Kohn LT,
Corrigan JM and Donaldson MS. Washington, D.C., National Acad-
emy Press; 2000. 
2. Brennan TA, Gawande A, Thomas E, Studdert D: Accidental
deaths, saved lives, and improved quality.  N Engl J Med 2005,
353:1405-1409.
3. Institute of Medicine: Performance Measurement: Accelerating Improve-
ment 2007 [http://www.nap.edu]. Washington, D.C., National Acade-
mies Press
4. McGlynn EA, Asch SM, Adams J, Keesey J, Hicks J, DeCristofaro A,
Kerr EA: The quality of health care delivered to adults in the
United States.  N Engl J Med 2003, 348:2635-2645.
5. Crossing the Quality Chasm.  Washington, D.C., National Acad-
emy Press; 2001. 
6. Guide to Patient Safety Indicators.  2006 [http://www.qualityin
dicators.ahrq.gov].
7. Reason J: Human error: models and management.  BMJ 2000,
320:768-770.
8. Hussey PS, Mattke S, Morse L, Ridgely S: Evaluation of the Use of
AHRQ and Other Quality Indicators.  2006 [http://www.qualit
yindicators.ahrq.gov/downloads/publications/AHRQQIsEvaluationFil
Report.pdf]. AHRQ
9. Iezzoni LI: Assessing quality using administrative data.  Ann
Intern Med 1997, 127:666-674.
10. McCarthy EP, Iezzoni LI, Davis RB, Palmer RH, Cahalane M, Hamel
MB, Mukamal K, Phillips RS, Davies DT Jr.: Does clinical evidence
support ICD-9-CM diagnosis coding of complications?  Med
Care 2000, 38:868-876.
11. Romano PS, Schembri ME, Rainwater JA: Can administrative data
be used to ascertain clinically significant postoperative com-
plications? 3.  Am J Med Qual 2002, 17:145-154.
12. Lawthers AG, McCarthy EP, Davis RB, Peterson LE, Palmer RH, Iez-
zoni LI: Identification of in-hospital complications from claims
data. Is it valid?  Med Care 2000, 38:785-795.
13. Miller MR, Elixhauser A, Zhan C, Meyer GS: Patient Safety Indica-
tors: using administrative data to identify potential patient
safety concerns.  Health Serv Res 2001, 36:110-132.
14. AHRQ Quality Indicatdors: Patient Safety Indicators.  Tech-
nical Specifications.  2007 [http://www.qualityindicators.ahrq.gov/
psi_download.htm].
15. Naessens JM, Campbell CR, Berg B, Williams AR, Culbertson R:
Impact of diagnosis-timing indicators on measures of safety,
comorbidity, and case mix groupings from administrative
data sources.  Med Care 2007, 45:781-788.
16. Houchens RL, Elixhauser A, Romano PS: How Often are Potential
Patient Safety Events Present on Admission?  Jt Comm J Qual
Patient Saf 2008, 34(3):154-163.
17. Glance LG, Dick AW, Osler TM, Mukamel DB: Accuracy of hospi-
tal report cards based on administrative data.  Health Serv Res
2006, 41:1413-1437.
18. Glance LG, Osler TM, Mukamel DB, Dick AW: Impact of the
present-on-admission indicator on hospital quality measure-
ment: experience with the Agency for Healthcare Research
and Quality (AHRQ) Inpatient Quality Indicators.  Med Care
2008, 46:112-119.
19. Coffey R, Milenkovic M, Andrews RM: The Case for the Present-
on-Admission (POA) Indicator.  2006 [http://www.hcup-
us.ahrq.gov/reports/methods.jsp]. U.S. Agency for Healthcare
Research and Quality
20. Pine M, Jordan HS, Elixhauser A, Fry DE, Hoaglin DC, Jones B, Meim-
ban R, Warner D, Gonzales J: Enhancement of claims data to
improve risk adjustment of hospital mortality.  JAMA 2007,
297:71-76.
21. Hughes JS, Averill RF, Goldfield NI, Gay JC, Muldoon J, McCullough E,
Xiang J: Identifying Potentially Preventable Complications
Using a Present on Admission Indicator.  Health Care Financ Rev
2006, 27:63-82.
22. Glance LG, Dick AW, Osler TM, Mukamel DB: Does date stamp-
ing ICD-9-CM codes increase the value of clinical informa-
tion in administrative data?  Health Serv Res 2006, 41:231-251.
23. Parker JP, Li Z, Damberg CL, Danielsen B, Carlisle DM: Administra-
tive Versus Clinical Data for Coronary Artery Bypass Graft
Surgery Report Cards: The View From California.  Med Care
2006, 44:687-695.
24. Iezzoni LI, Daley J, Heeren T, Foley SM, Fisher ES, Duncan C, Hughes
JS, Coffman GA: Identifying complications of care using admin-
istrative data.  Med Care 1994, 32:700-715.
25. Fitch K, Bernstein J, Aguilar MD BB, LaCalle JR, Lazario P: The Rand/
UCLA Appropriateness Method User's Manual.  RAND; 2001. 
26. Rosen AK, Rivard P, Zhao S, Loveland S, Tsilimingras D, Christiansen
CL, Elixhauser A, Romano PS: Evaluating the patient safety indi-
cators: how well do they perform on Veterans Health
Administration data?  Med Care 2005, 43:873-884.
27. Elixhauser A, Steiner C, Harris DR, Coffey RM: Comorbidity meas-
ures for use with administrative data.  Med Care 1998, 36:8-27.
28. Fleiss JL: Reliability of Measurement.  In Design and Analysis of Clin-
ical Experiments. New York, John Wiley & Sons, Inc.; 1999:1-31. 
29. Rivard PE, Rosen AK, Carroll JS: Enhancing patient safety
through organizational learning: Are patient safety indica-
tors a step in the right direction?  Health Serv Res 2006,
41:1633-1653.
30. Romano PS, Geppert JJ, Davies S, Miller MR, Elixhauser A, McDonald
KM:  A national profile of patient safety in U.S. hospitals.
Health Aff (Millwood ) 2003, 22:154-166.
31. Leape LL, Woods DD, Hatlie MJ, Kizer KW, Schroeder SA, Lundberg
GD: Promoting patient safety by preventing medical error.
JAMA 1998, 280:1444-1447.
32. Leape LL, Berwick DM, Bates DW: What practices will most
improve safety? Evidence-based medicine meets patient
safety.  JAMA 2002, 288:501-507.
33. Zhan C, Kelley E, Yang HP, Keyes M, Battles J, Borotkanics RJ, Stryer
D: Assessing patient safety in the United States: challenges
and opportunities.  Med Care 2005, 43:I42-I47.
34. Iezzoni LI: The risks of risk adjustment.  JAMA 1997,
278:1600-1607.
35. Lilford R, Mohammed MA, Spiegelhalter D, Thomson R: Use and
misuse of process and outcome data in managing perform-
ance of acute medical care: avoiding institutional stigma 1.
Lancet 2004, 363:1147-1154.
36. Hannan EL, Kilburn H Jr., Racz M, Shields E, Chassin MR: Improving
the outcomes of coronary artery bypass surgery in New
York State.  JAMA 1994, 271:761-766.
37. O'Connor GT, Plume SK, Olmstead EM, Coffin LH, Morton JR,
Maloney CT, Nowicki ER, Tryzelaar JF, Hernandez F, Adrian L: A
regional prospective study of in-hospital mortality associ-
ated with coronary artery bypass grafting. The Northern
New England Cardiovascular Disease Study Group.  JAMA
1991, 266:803-809.
38. Khuri SF, Daley J, Henderson W, Hur K, Demakis J, Aust JB, Chong
V, Fabri PJ, Gibbs JO, Grover F, Hammermeister K, Irvin G III,
McDonald G, Passaro E Jr., Phillips L, Scamman F, Spencer J, Stremple
JF:  The Department of Veterans Affairs' NSQIP: the first
national, validated, outcome-based, risk-adjusted, and peer-
controlled program for the measurement and enhancement
of the quality of surgical care. National VA Surgical Quality
Improvement Program.  Ann Surg 1998, 228:491-507.
39. Rosenthal MB, Landon BE, Normand SL, Frank RG, Epstein AM: Pay
for performance in commercial HMOs.  N Engl J Med 2006,
355:1895-1902.
40. Deficit Reduction Act of 2005  2005 [http://www.cbo.gov/ftp
docs/70xx/doc7028/s1932conf.pdf]. S.1932 Section 5001 Public Law
No. 109-171
41. Epstein AM: Pay for Performance at the Tipping Point.  N Engl
J Med 2007.
42. Lindenauer PK, Remus D, Roman S, Rothberg MB, Benjamin EM, Ma
A, Bratzler DW: Public Reporting and Pay for Performance in
Hospital Quality Improvement.  N Engl J Med 2007.
43. Werner RM, Bradlow ET: Relationship between Medicare's hos-
pital compare performance measures and mortality rates.
JAMA 2006, 296:2694-2702.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1472-6963/8/176/pre
pub